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ABSTRACT 

An Ostwald type viscometer has been used to measure values of viscosit y 
on a potassium-sodium alloy which was 43.t.:/c potassium by weight. ~Tis­
cosity of t he alloy at ?'PC was 1.267 relative to water at the same 
temper ature. The values at higher temperatures were calculated from 
the vol umes of alloy flowing per second at those temperatures, and the 
constant rletermined. for the apparatus at 720C. 
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INTRODUCTI..Qli 

A. ·Authorization 

1. This project was atJ.t horized by BuShips Project Order No . 990/46 
nated June ?4~ 1946 •. 

P. Statement of Problem 

? . The project coyers the' library and laboratory research necesslir y 
to arrive at satisfactory values for the physical properties of Sodium 
anCT Potassium alloys, The viscosity has been determined, on an alloy, 
for 43.1/o K by weight. These values are tho basis of this preliminary 
report . 

C. fnown Fact s Beari ng on t he Problem 

3. Absol ute viscosities may be calculated from measurements made i n 
a number of nifferent types of apparatus . The type of anparatus to -be 
used i8 determined to a great extent by the characteristics of' t he liquids 
umer study, For the alloys which are particularly r eactive with moisture 
anr'l oxygen, completely close,d viscometers are necessary. A preferred 
method of getting absolut~ viscosity; that is the falling-ball method 
-with calc11l ations based on Stoke' s Law would be somewhat difficult at 
the high temncratures in an opaque viscometer. The more readily used 
method is a variation of the Ostwalt viscometer where the amount of 
alloy flo?Ting in the ca?i llary tube c9,n be determined ap.ainst time . At 
the same temperatures and under tho same pressure head, measurements 
made on two fluids ,.,,till give a viscosity measurement of one relo.ti ve 
to tho other. Water is cust omarily used as a r eference fluid and 
then from tho absol-µtc viscosity of water, tho absolute viscosity of 
the alloy at tho same t emperature can be calculated, This is the 
uroccdure which has been followed in tho measurements tabulated at the 
end of tho report. Tho r elative iriscosity hns boon calculated from 
tho relation • 

where n1 n.nd n2 ::i.ro tho viscosi tics of n.lloy and water respocti vely, 
d1 ~nd a? the densities, t 1 and t 2 the time required for equal vol ume 
of the fluids ~o flow. From tho r elative viscosity nrultiplied by the 
absolute viscosity of vintor at the samq tomporature, tho absolute vis­
cosity of the metals is determined at t}r1t ter.ipornturo • . This value 
of the viscosity with tho relat ion n = v gives a value for tho con­
stant k for the o.ppnratus. n wc.s tho VJ..scosity of tho n.lloy and v 
the volur.ie of alloy flowing in unit time, In this proliminnry study 
the value of k was cbnsidored constant f or the temperature range. This 
constant, w1th the volumes determined at tcmporntur? intervals, wn.:s 
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µsed to calculate the absolute viscosit y over the temperature range 
g:i.ven. 

A. Apparatus 

4. An apparatus consisting of two horizontal tanks -connected by a 
small capi l l ary tube was conlrt,ructed so that an upper tank (#1 on plat e 
1) an~ the coil of the capillary tube were endosed in an electrically­
heated furnace . The other tank was· placed on the plat form of the dial 
scales which ,gave continuous readings of the .weight of that container . 
The bottom or #'2 container· was also connected to #1 container by 1/ 411 

tubes through t,rhich the alloy could be forced from #2 to #1 container 
with the aid of moderate gas pressure. The 1/4 tubing was sealed off 
by a cold trap at the point shown as #3 on plate #1. 

5. The capillary and r eturn tubes were of such length and flexi­
l5ili ty that weights of the order of 2 grams would cause a reflection 
on the dial scales. The dimensions of, the capillary tube ,pere 0 ,2.38 
cm. inside diameter and 6'?9 cm. in length . 

6. The gas used in the viscosity studies v-as helium which had been_ 
purified by passing it over ±educed copper at 450°c and then through 
reactivated ,charcoal at liquid nitrogen temperature. 

B. Operation· 

7. Fr om Plate 1, the operati on of the unit was carried out as 
follows: The alloy was run- through the valve #4 into container #2 
until apuroximately 900 grams had entered the container . Valve #4 
vras then closed and helium pressure put on the #2 container through 
tube #5 1.,.hich forced some gas back through the capillary tube, but 
at the same time exerted sufficient pressure pn the alloy to cause it 
to flow through the cold t r ap (#4) into container #1. When #2 was 
nearly empty, as indicat ed by the sc~le reading, the pressure was re­
l eased and the trap f r ozen in liquid -nitrogen to form a seal against 
the return of the alloy by thi s route. The whole container and capil­
lar y tube rer e brought to desirable t emperature and~ ~th a pressure 
head adjusted to the desired value, the ~eight of the alloy· which 
flo"Ted through the capillary into cont,ainer #2 was determined against 
t ime . -The t r ap •"8.s then thavrcd and t he operation repeated at vari ous 
pressures and temperatures as desired. 

RESULTS 

8. Measurements were made on '"8.ter a t 72°C v.ri th the pressure head 
at 6.65 cm . of Hg. This gave 1.374 grams (1.407 cc) of water per 



second._ ~neasu:r:ernents were then made on the alloy over· the :temperature • 
ra~e. At the same pressure head and from a curve of grams of alloy 
per second against temperature, 1.110 grams of alloy flowed per second. 
This.gave 1.267 as a relative viscosity of. the alloy at 72°C. This 
value multiplied by 0 . 3952, the absolute viscosity- of 1·,11ater, gives · 
0, 501 as the absolute viscosity of the alloy at ?2oc . • Then with the 
constant detel"'Dlined a s mentioned in paragraph 3, the absolute viscosity 
was caluclated at several t emperatures over the rahge from 65 , 5°c to 
70o0 c . The value for k was calculated as 0.5611 and t he result s on the 
viscosi ty ar e given in Table 1 and plotted on Plate 2. Along ,ri.t~ this 
curve, values for pure sodium and potassium _are given. These values 
~er e those published by Y,S. Chiong; Proc. Roy. Soc. London Al57 , 
?64(1936). ' 
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TABIB 1 

...- ---
'T.'elTlpera ture 0 c 

i 
cc/soc 

I 
! Vol ume Vi scosi ty centipotte e \ 

I ±10% I 

65 . 5 1.093 .514 

100 1.178 .476 

?00 1 ~415 . 397 
j I I 

1 . 645 .341 300 l I 

400 . I 1.855 t .303 
' i 

500 I 2. 046 I .714 
! 

600 i 2.193 , 256 
I 

' 

J 
I 

6'50 ' 2.223 ,252 
I I 
I 

2.167 . 259 700 I 
\ , 
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